Fingerprints are one of the common forensic tools used in personal identification. However, the associated secondary epidermal creases of fingerprints, fingerprint white line count (FWLC), has received less attention within the forensic community. This study was conducted with an aim to determine the potential of FWLC in sex inference among adult Nigerians.
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Abstract
Fingerprints are one of the common forensic tools used in personal identification. However, the associated secondary epidermal creases of fingerprints, fingerprint white line count (FWLC), has received less attention within the forensic community. This study was conducted with an aim to determine the potential of FWLC in sex inference among adult Nigerians.
A cross sectional study was carried out with 150 males and 150 females with age range of 18-30 and 18-33 years, respectively. Live scanner (Digita persona, China) was used to capture the plain fingerprint for FWLC. Mann Whitney, Kruskal Wallis and logistic regression analyses were employed for determination of digit variation (based on side and type), sexual dimorphism and prediction models, respectively. Likelihood ratio and posterior probability were used to determine the favour odd for sex inference from FWLC.
A significant higher mean value of FWLC was observed in females (2.24 ± 2.03) compared to males (0.85 ± 1.29). Absence of white line was indicative of male origin in all the digits except for left index digit (favor odd of 0.72 for females and 0.29 for males). However, FWLC from 5 to 11 were more likely to be of female origin. The best discriminator of sex was the left FWLC with a percentage accuracy of discrimination of 72%. The percentage contribution of the left FWLC in the discrimination of the sexes was observed to range from 23.0 to 30.20%.
The FWLC was found to be a potential predictor of sex among adult Nigerians of Hausa ethnic origin.
ary epidermal creases of fingerprints, the fingerprint white 
Materials and Methods
Study Area and Population
The study was conducted at Bayero University Kano 
Collection of Biodata and Fingerprints
The study was cross-sectional which involved the collection of the bio-data (sex, age and ethnicity) using proforma. The plain fingerprints were captured using live scanner (Digita Persona, China) in accordance with Adamu et al.
[11].
Introduction
The fingerprint epidermal ridge pattern depends on the cornified layer of epidermis and dermis configuration.
The main events that lead to establishment of the epidermal ridge pattern occur during the 10th to 16th week of intra uterine life. Embryonol volar skin is made up of two main structures, the superficial layered epidermis and deep amorphous fibrous dermis [1, 2, 3] . The basal layer consisting of columnar epithelium becomes undulated. This results in the formation of the folds of the epidermis into dermis called primary ridges, which establish the future surface fingerprint patterns [1, 4, 5] . The primary features of the fingerprint resulting from the epidermal ridge configuration include ridge pattern (basically arches, whorls and loops), ridge density, ridge pores, minutiae, ridge contour and shape which are all of forensic interest. In some instances, after formation of the fingerprint, the associated ridges undergo ridge hypoplasia, resulting in a decrease in their height, giving them a "worn-off" appearance. These areas of worn off ridges are also covered with number of fine secondary creases that become visible, producing an additional feature "called white lines" [6, 7, 8] .
The potential of features like ridge density has already gained popularity for sex inference since the introduction of quantitative mean of ridge count per unit area by Acree [9] . This fingerprint feature found at the scene of a crime has been proven to be a useful indicator of the sex of the perpetrator. This helps the forensic experts to minimize the time and effort spent on each case by directing the investigation process toward the suspects belonging to the most likely sex [10] . To reinforce the above claim, studies on African populations such as Nigerians [11] , Sudanese [12] , Egyptians [13] , Asian populations such as Chinese and Malaysians [14] , and South Indian populations have been conducted [15] . Other studies have concentrated on IndoMauritian populations [16] , and central Indian (Marathi) populations [17] , European populations, Spanish Caucasians [10] , Latin American populations, and Argentinean populations [18] .
Despite the wide application of fingerprints in the forensic community in personal identification and the wide population data in the ridge density, the associated secondFingerprint White Line Counts: An Upcoming Forensic Tool for Sex Determination.
Fingerprint White-Line Counts
The white lines were determined according to the previous method [19] as skin folds in the friction ridges that appear as white lines in a fingerprint (Figure-1) . The white lines were considered when more than one epidermal ridge is crossed by the white lines. This was irrespective of the orientation and direction of the white line. Fingerprint pores (formed by sweat glands) associated with ridges were not included in the counts. The number of white lines per unit fingerprints gives the white line count.
Measurement Error
The Cronbach's Alpha of the white line counts of the ten digits range from 0.98-1.00. Repeated measurement was carried out on 30 selected participants. According to Shrout and Fleiss [20] , Cronbach's Alpha of 0.6 to < 0.8 represents "substantial reliability", and 1 represents "almost perfect reliability".
Calculation of Likelihood Ratio (LR), Posterior Probability (PP) and Favour Odd (FO)
The calculated LR gives the strength of support for one of the hypotheses: C or C'. Posterior probabilities P(C/ FWLC) and P (C'/FWLC) were calculated using Bayes' theorem [21] . Favored odds for support of the most likely hypothesis for a given FWLC P(FWLC/C) and P (FWLC/C') were obtained from information of both LR computations and posterior probabilities. The likelihood ratio (LR) was calculated using relative frequency of FWLC.
Relative FWLC =(Frequency of a given FW LC)/( Total frequency of all FWLC)
The likelihood ratio (LR) was calculated as; LR = (probability of observing a given FWLC if the donor was male (C) / (probability of observing a given FWLC if the donor was female (C')= P (FWLC/C) / P (FWLC/C'), where C is the male donor, and C' is the female donor, and assuming the equal probability between the sexes P(C) = P(C') = 0.5.
The FWLC with likelihood ratio of > 1 is more likely to be of male origin, and < 1 is likely to be of female origin.
The favor odd (FO) was calculated as FO = P (FWLC/C) / P (FWLC/C) + P (FWLC/C') Frequencies for different types of patterns and mean ridge density were also determined.
Statistical Analysis
The data were expressed in mean ± SD, frequency and Table-1 However, in females, the higher count was observed in the ring digits. The higher FWLC observed in females compared to males in the present study is in keeping with previous studies among different populations [19, 24] . The increase in the FWLC in females may be explained by the fact that females tend to have more ridge density compared to males.
Results
Thus, more FWLC are accommodated by higher ridge density digits. This may also suggest the influence of sex hormones, especially testosterone, in the sex differences observed in the FWLC. This is more so since previous studies documented that in human populations dermatoglyphics asymmetry is affected by the level of prenatal hormone [25] . It has been documented that a high level of testosterone in adult males was associated with more pronounced dermatoglyphics asymmetry [26] .
The relatively higher percentage accuracy of sex inference from FWLC may also portray significance of the variable as an isolative entity in sex prediction without considering other features like ridge density. Thus, additional variables such as ridge density and finger anthropometry, which are also reported to have sex discriminating potential [11, 27] when combined with FWLC, will for sure in- 
Discussion
Fingerprints are a valued forensic tool and one of the commonly encountered evidences at crime scenes which prove to be useful in identification of the suspect [22] . The widely used features include pattern type, pattern intensity index, ridge counts/density/thickness, and minutiae [23]. PP; posterior probability Adamu et al. crease the accuracy of the sex inference as well as reduce the chances of error that may occur when a single variable is considered.
Population based comparison showed that the absence of FWLC is indicative of male origin and is preserved across different ethnic groups [19, 24] . However, the defined frequency that infers actual sex varies. This may further support the genetic influence on the associated FWLC feature. This suggests that in addition to sex inference, the FWLC may be an important tool for ethnic differentiation.
The possible heritability of FWLC, just like other fingerprint features, may also need to be investigated as this may reveal the probable role of genetics in the embryogenesis and formation of FWLC.
Despite the promising results of sex inference from FWLC, earlier studies suggested that this feature increases in frequency with advancement in age and also with significant positive alteration in subcutaneous body fat [6, 7] . This report needs to be investigated further, since a reliable and valid forensic tool should always be a unique and constant feature throughout life. Although a previous study suggested alterations of FWLC [7] , the study designed was not longitudinal; as such, the claim of the alteration of FWLC may be due to possible variation of FWLC across different age groups. However, a longitudinal and retrospective study conducted by Vieira Silva et al. [28] demonstrated significant increase in white line count among the elderly population. If this is the case, the stability of FWLC as forensic tool will be at stake. It was suggested that aging decreases skin moisture, oils, vascularization and cellular proliferation, leading to a low turn of elastin proteins of the extracellular matrix and consequent degradation of elastic fibers [29] . Cumulatively, these changes decrease the elasticity and support of the tissue and lead to a subsequent increase in brittleness and probable appearance of lesions and spots, due to mitochondrial and nuclear DNA repair mechanisms impairment in the aging process [30] . Additionally, it was further suggested that the increase in white lines may be due to the loss of resilience of the skin, which is the property by which it regains its normal shape after being subjected to the process of elastic deformation [28] .
It should also be noted that other features of the fingerprint like ridge thickness and density changes with age advancement [31] as a continuum of body development in general.
But these change in the fingerprint features do not alter the uniqueness and consistency of fingerprints. Also, females tend to have more accumulated fat compared with their male counterparts. This may support the hypothetical positive relationship between the FWLC and subcutaneous fat.
It is hoped that the mechanism that influenced the formation of the fingerprint features incorporate FWLC among the associated features of fingerprints.
In the context of forensic sciences, the present study could be useful, as FWLC offers a potential sex discrimination tool for sex inference in conditions such as aviation disasters, murder-mutilation, forensic scenes and natural disasters where other body parts that could aid sex identification are mutilated beyond identification.
In conclusion, FWLC was found to be a sex predictor among adults of Hausa ethnic origin in Nigeria. Females had a significantly higher mean value of FWLC compared to males.
